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microstructure of the resultant composite body can be 
stabilized and reproducibility can be provided, and as a 
result, the composite body having stable physical 
properties can be obtained with superior reproducibility 
in high yield. When silicon carbide, aluminum nitride, 
silicon nitride, alumina, etc., having high thermal 
conductivity and low coefficient of thermal expansion, 
are used for the above ceramic structure, the composite 
body suitable for a heat sink for semiconductor circuit 
board can be obtained. Further, it is preferable to use, 
as the metal to be impregnated, light metal, such as Al 
and Mg, or alloys thereof for the purpose of attaining 
high thermal conductivity and lightweight characteristic. 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To suitably use the 
composite body for a heat sink for a semiconductor 
device, such as a IC package and wiring board, by 
impregnating metal into a porous ceramic structure under 
pressure, at a temp, in a specific range, at a specific 
rate of temperature decrease. 

SOLUTION: Cooling velocity, within the region between 
the solidification point of the metal to be impregnated 
into the porous ceramic structure and a temp, higher by 
50°C than the solidification point, is regulated to a 
temp.-fall rate of (1 to 20)°C/hr. By this procedure, the 
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(54) PRODUCTION OF COMPOSITE BODY 
(57)Abstract: 

PROBLEM TO BE SOLVED: To suitably use the composite body for a heat sink for a 
semiconductor device, such as a IC package and wiring board, by impregnating metal into a 
porous ceramic structure under pressure, at a temp, in a specific range, at a specific rate of 
temperature decrease. 

SOLUTION: Cooling velocity, within the region between the solidification point of the metal to 
be impregnated into the porous ceramic structure and a temp, higher by 50°C than the 
solidification point, is regulated to a temp.-fall rate of (1 to 20)°C/hr. By this procedure, the 
microstructure of the resultant composite body can be stabilized and reproducibility can be 
provided, and as a result, the composite body having stable physical properties can be 
obtained with superior reproducibility in high yield. When silicon carbide, aluminum nitride, 
silicon nitride, alumina, etc., having high thermal conductivity and low coefficient of thermal 
expansion, are used for the above ceramic structure, the composite body suitable for a heat 
sink for semiconductor circuit board can be obtained. Further, it is preferable to use, as the 
metal to be impregnated, light metal, such as Al and Mg, or alloys thereof for the purpose of 
attaining high thermal conductivity and lightweight characteristic. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of the 
complex (the following and "metal-ceramic complex" -- or it is only called "complex") which consists of 
the metal or the suitable alloy, and suitable ceramics for a heat sink of semiconductor devices, such as an 
IC package and a multilayer-interconnection substrate 
[0002] 

[Description of the Prior Art] In addition to integration and improvement in the speed of LSI 
progressing, in the semiconductor field, the increase of the calorific value of a silicon chip is being 
enhanced -- the use of power devices, such as GTO and IGBT, is expanded in recent years. The circuit 
board which misses the heat which generated heat from the silicon chip with it, and highly efficient- 
ization still much more also about a heat sink are called for. 

[0003] What has the high thermal conductivity of the heat sink itself which the ceramic circuit boards, 
such as a thermally conductive good alumina, alumimium nitride, and a silicon nitride, are used, and is 
specifically joined and used for this about the circuit board is used. Furthermore, when both are put 
together and a modularization is carried out, it is desired for the coefficient of thermal expansion of the 
aforementioned circuit board and a heat sink to be near. This is because it results from the heat 
generated from a semiconductor device at the time of real use and the generated thermal stress becomes 
the cause of destroying the circuit board, degrading the electric insulation of the circuit board, and 
thermal conductivity, and reducing the reliability as a module. 

[0004] According to the above-mentioned situation, application to the heat sink of metal-ceramic 
complex (henceforth complex) is advanced in the field by which high-reliability, such as vehicles uses, 
such as electrical and electric equipment or an automobile, is made important by the reason coefficient 
of thermal expansion is close to the ceramic circuit board (JP,64-83634,A, JP,9-209058,A). 
[0005] The aforementioned complex calcinates ceramic powder, ceramic fiber, etc., when required, 
fabrication and, generally, it produces the porosity ceramic structure, next sinks in molten metal and is 
produced by cooling this. As a method of sinking in molten metal, various kinds of methods, such as a 
method by high pressure casting, such as the method based on powder-metallurgy processing, for 
example, pressure die casting, (JP,5-508350,A), and a forging cast process (1997 wait ****, the 36th 
volume, No. 1, 40 -46 pages), and a method (JP,2-197368,A) by spontaneous osmosis, are learned. 
[0006] 

[Problem(s) to be Solved by the Invention] however, the cooling conditions of molten metal are not 
stabilized [ that molten metal and ceramics cannot get wet easily in the metal-ceramic complex obtained 
by the above-mentioned conventionally well-known method, that the pore configuration in the ceramic 
structure is not stabilized, ] - resulting -- the detailed organization of the metal-ceramic complex 
obtained is unstable, and there is a problem [ complex / whose property was stable as a result ] are 
difficult to get, easily 

[0007] This invention persons result in this invention, as a result of inquiring to offer the highly reliable 
http ://www4 . i pdl j po.go j p/cgi -bin/tran_web__cgi_ej j e 9/23 102 



Page 2 of 8 



heat sink with which the above-mentioned trouble is solved, and the problem of the ceramic circuit 
board being damaged by the thermal shock under real use when it applies to the ceramic circuit board 
which carries a semiconductor device is not produced, and it fully excels in thermal conductivity, and a 
semiconductor device cannot malfunction easily. 
[0008] 

[Means for Solving the Problem] this invention is the manufacture method of the complex which sinks a 
metal into the porosity ceramic structure, and is the manufacture method of the complex characterized 
by sinking in under pressurization at the temperature fall speed of 1-20 degrees C/Hr about within the 
limits of the congealing-point temperature of the aforementioned metal, and temperature higher 50 
degrees C than the aforementioned congealing-point temperature. Moreover, this invention is the 
manufacture method of the complex characterized by processing under pressurization the complex 
which comes to sink into the porosity ceramic structure in a metal at the temperature fall speed of 1-20 
degrees C/Hr about within the limits of the congealing-point temperature of the aforementioned metal, 
and temperature higher 50 degrees C than the aforementioned congealing-point temperature. 
[0009] The porosity ceramic structure this invention A silicon carbide, alumimium nitride, It is the 
manufacture method of the aforementioned complex characterized by the bird clapper from one or more 
sorts chosen from the group which consists of a silicon nitride, an alumina, or a silica, preferably It is the 
the manufacture method of the aforementioned complex characterized by a metal making either 
aluminum or magnesium a principal component, still more preferably It is the manufacture method of 
the aforementioned complex characterized by for the aforementioned porosity ceramic structure 
consisting of a silicon carbide of 20 - 50% of voidage, and the aforementioned metal making aluminum 
a principal component. 
[0010] 

[Embodiments of the Invention] In order that this invention persons are low coefficient of thermal 
expansion, may be stabilized and may moreover get the metal-ceramic complex of high temperature 
conductivity By the cooling conditions in a specific temperature requirement in case molten metal 
solidifies being important in the porosity ceramic structure, as a result of examining the manufacture 
condition, and making late enough the cooling rate in this specific temperature requirement A 
reproducible microstmcture can be attained and this invention is completed based on the knowledge that 
the metal -ceramic complex whose property was stable as the result is obtained. 
[001 1] If the aforementioned specific temperature requirement is based on artificers' experimental 
examination result, congealing-point temperature of the metal (or alloy) which sinks in into the porosity 
ceramic structure will be made into a minimum, and an upper limit will be a temperature requirement to 
50 degrees C from this congealing-point temperature. Here, congealing-point temperature is temperature 
from which the molten metal of a liquid phase state serves as solid phase completely, for example, is 
577 degrees C of an eutectic temperature in the case of a pure aluminium at the case of 660 degrees C of 
the melting point, and the alloy of an aluminum-silicon system. In addition, even if it starts a 
temperature control from the temperature which exceeds 50 degrees C from congealing-point 
temperature, although control may be continued below to congealing-point temperature, since the effect 
of the further property stability cannot be expected but becomes the fall of productivity rather, it is not 
effective. 

[0012] In this invention, it is characterized by making the cooling rate within the limits of the 
congealing-point temperature of the aforementioned specific range, i.e., a metal, and temperature higher 
50 degrees C than the aforementioned congealing-point temperature into the temperature fall speed of 1- 
20 degrees C/Hr. When controlling the inside of the aforementioned temperature requirement by the 
specific cooling rate, the microstructure of the complex obtained is stabilized, has repeatability, as the 
result, its repeatability is good, and is a high yield, therefore can obtain the complex whose physical- 
properties value was stable with sufficient productivity. About the control condition of temperature fall 
speed, the effect of property stability may not be acquired at the temperature fall speed exceeding 20 
degrees C/Hr. Moreover, although there is nothing especially about the minimum of a cooling rate what 
is restricted, since the effect of the further property stability does not show up at the temperature fall 
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speed of under 1 degree C / Hr but it becomes the fall of productivity rather, it is not effective. 
[0013] About the flow and pressure requirement in the aforementioned specific temperature 
requirement, the upper shell which attains the purpose of this invention does not need to prepare an 
upper limit in the aforementioned pressure that what is necessary is to just be pressurized. However, if 
200MPa is exceeded, it may be divided into porosity ceramic complex and cracking etc. may arise, it 
may be desirable, or at least less than 0.5 MPas may not have enough stabilization of a property, and 
0.5MPa-200MPa will be chosen as a desirable range. Furthermore, l-100MPa is chosen as best range 
practical. 

[0014] Making molten metal cool and solidify in the porosity ceramic structure with a specific cooling 
rate under pressurization by the above-mentioned specific temperature requirement, and making low 
coefficient of thermal expansion and high temperature conductivity discover stably is not necessarily 
limited to sinking-in operation, but it can also apply sinking-in operation at once about the metal- 
ceramic complex pass. However, it is desirable to apply succeedingly the processing which makes the 
inside of the temperature requirement of the specification of this invention a specific cooling rate under 
pressurization to sinking-in operation in respect of productivity. Furthermore, in the case of high 
pressure casting processes, such as pressure die casting which performs sinking-in operation under 
pressurization, and a forging cast process, it is good only by controlling temperature conditions, and it 
excels in operability and is desirable. Moreover, when applying sinking-in operation at once about the 
metal-ceramic complex pass, the above-mentioned processing can also be performed for the above- 
mentioned operation using an atmosphere pressurizer etc. under existence of non-reactivity gas phases, 
such as rare gas, such as an argon and helium, or nitrogen. 

[0015] As long as the porosity ceramic structure of this invention is the structure which has the open 
pore which can infiltrate a metal or an alloy, and has the mechanical strength which moreover is not 
destroyed in sinking-in operation, what thing is sufficient as it. However, when applying metal-ceramic 
complex to the heat sink for semiconductor circuit substrates, since it being hard to fall in connection 
with a temperature rise and a coefficient of thermal expansion are said that a thing small to the same 
extent as the ceramic circuit boards, such as an alumina, alumimium nitride, and a silicon nitride, is 
required, it is high temperature conduction and a silicon carbide, alumimium nitride, a silicon nitride, an 
alumina, etc. of low coefficient of thermal expansion are suitable [ the thermal conductivity of metal- 
ceramic complex is high, and ]. 

[0016] Moreover, although thermal conductivity is smaller than the aforementioned ceramics, since the 
coefficient of thermal expansion is small, a silica has the feature that the coefficient of thermal 
expansion of metal -silica complex can be brought close to the coefficient of thermal expansion of a 
ceramic substrate with a few addition. Although it generally falls about metal-ceramic complex so 
remarkably that the ceramic content in this complex is large about the temperature dependence of the 
thermal conductivity, since the effect the complex obtained from the aforementioned feature using a 
silica has little decline in the thermal conductivity at the time of a temperature rise, and same as the time 
of using the aforementioned ceramics can be acquired, it is desirable too. 
[0017] Since the metal-ceramic complex which has thermal conductivity higher [ the thermal 
conductivity of a silicon carbide of itself is higher than that of the aluminum which is the metal of high 
temperature conductivity among the ceramics mentioned above and ] than the thermal conductivity of 
the metal single taste when using a silicon carbide can be obtained, it is chosen especially preferably. 
[0018] If the purpose of this invention can be attained, although it will be what thing and ******** win 
not be cared about about the metal used for this invention, either, light alloys or those alloys, such as 
aluminum from the purpose which attains high temperature conductivity and lightweight nature, and 
magnesium, are desirable. In the case of an aluminium alloy, especially the alloy of 4 - 10% of AC2A 
and AC2B, AC4A, AC4B, AC4C, AC8B, AC4D, AC8C, ADC10, and ADC12 grade has the plain- 
gauze fibers for plastering of casting, and the point of a manifestation of high temperature conductivity 
to desirable Si content. 

[0019] Especially the aluminum-silicon-carbide complex were using aluminum or the aluminum system 
alloy as a metal, and using the silicon carbide as ceramics about the above-mentioned ceramics and a 
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metaled combination, is the combination which was excellent in respect of the conformity of coefficient 
of thermal expansion with lightweight, high temperature conduction, and a ceramic substrate. As a result 
of examining many things further about this aluminum-silicon-carbide complex, this invention persons 
find out that the suitable range to give the purpose of this invention to a silicon-carbide content exists, 
and result in this invention. That is, a coefficient of thermal expansion is high at under 50 volume %, a 
bird clapper has a silicon-carbide content in aluminum-silicon-carbide complex, and it becomes easy to 
produce the aforementioned problem which originates in a coefficient-of-thermal -expansion difference 
with a ceramic substrate in this case. Moreover, it results from ceramics reducing thermal conductivity 
at an elevated temperature, and in the case of the silicon-carbide content exceeding 80 volume %, when 
it uses as a heat sink of the circuit board for semiconductor loading, the problem that decline in thermal 
conductivity becomes remarkable becomes remarkable by the temperature rise by generation of heat 
from the semiconductor device at the time of real use etc. In order that the silicon-carbide content in 
aluminum-silicon-carbide complex may have desirable 50 - 80 volume % and may attain the 
aforementioned conditions from the above reason, 50 - 20 volume % is suitable for the porosity of the 
structure of a porosity silicon carbide. 

[0020] Hereafter, based on an example and the example of comparison, this invention is explained still 

in detail. 

[0021] 

[Example] the silicon carbide of 50 micrometers of [example 1] mean particle diameters -- as a binder -- 
a silica sol -- solid-content concentration - 5wt(s)% ~ after mixing and carrying out press forming, it 
calcinated at 900 degrees C among air for 2 hours, and size 35mmx35mmx3mm and the porosity 
silicon-carbide structure of 40% of porosity were produced 

[0022] next, metal mold with a bore [ of 50mm ], and a thickness of 25mm - preparing -- this -- metal 
mold -- a hole with a depth [ an outside surface to ] of 20mm -- preparing - this -- a hole -- inside - 
metal mold -- the thermocouple for internal-surface thermometries was set the actual measurement heat 
this metal mold by the burner and according to the contact surface thermometer of the inside 
temperature of metal mold, and the metal mold in that case -- it checked that there was no difference in 
the measured value of the thermocouple for internal-surface thermometries 

[0023] the above which held inside temperature at 710 degrees C by burner heating after preheating the 
aforementioned porosity silicon-carbide structure at 800 degrees C -- it put into metal mold, the pure 
aluminium fused at 900 degrees C was slushed into metal mold, the push rod was set, and it pressurized 
by the pressure of lOOMPa 

[0024] with a pressurization state -- cooling -- metal mold -- the strength of a burner was adjusted 
looking at the measured value of the thermocouple for internal-surface thermometries, the temperature 
fall speed from 710 degrees C to 660 degrees C was controlled to 10 degrees C/Hr, and pressurization 
was ended in the place which turned off the burner by 660 degrees C and was cooled to 100 degrees C at 
them 

[0025] Three samples of aluminum-silicon-carbide complex were produced by the same method, and the 
thermal conductivity, the coefficient of thermal expansion, and intensity of the obtained complex were 
measured. This result is shown in Table 1. 
[0026] 

[Table 1] • 
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[0027] Three samples of aluminium alloy-silicon-carbide complex were produced by the method as an 
example 1 that it is the same except being 800 degrees C, the temperature requirement by which the 
inside temperature of the metal mold at the time of casting of [example 2] molten metal controlled 627 
degrees C and temperature fall speed measured the thermal conductivity, the coefficient of thermal 
expansion, and intensity of the obtained complex, and the melting temperature of an aluminum -6wt% 
silicon alloy and this alloy showed [ 627-577 degrees C and the metal ] the result in Table 2. 
[0028] 
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[0029] Except [example 3] temperature fall speed being 20 degrees C/Hr, three samples of aluminium 
alloy-silicon-carbide complex were produced by the same method as an example 2, the thermal 
conductivity, the coefficient of thermal expansion, and intensity of the obtained complex were 
measured, and the result was shown in Table 3. 
[0030] 
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[0031] Except [example 4] pressures being 200MPa(s), three samples of aluminium alloy -silicon- 
carbide complex were produced by the same method as an example 2, the thermal conductivity, the 
coefficient of thermal expansion, and intensity of the obtained complex were measured, and the result 
shown in Table 4 was obtained. 
[0032] 
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[0033] Except [example 5] pressures being 0.5MPa(s), three samples of aluminium alloy-silicon-carbide 
complex were produced by the same method as an example 2, the thermal conductivity, the coefficient 
of thermal expansion, and intensity of the obtained complex were measured, and the result shown in 
Table 5 was obtained. 



[0034] 
Table 51 
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[0035] Except [example 6] pressures being 220MPa(s), three samples of aluminium alloy-silicon- 
carbide complex were produced by the same method as an example 4, the thermal conductivity, the 
coefficient of thermal expansion, and intensity of the obtained complex were measured, and the result 
shown in Table 6 was obtained. 



[0036] 
Table 6] 
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[0037] [Example 1 of comparison] Except having carried out 10 degrees C/Hr and temperature fall 
speed of 600 degrees C or less for the temperature fall speed to 650 degrees C - 600 degrees C to more 
than 25 degrees C/Hr, three samples of aluminium alloy-silicon-carbide complex were produced by the 
same method as an example 2, the thermal conductivity, the coefficient of thermal expansion, and 
intensity of the obtained complex were measured, and the result shown in Table 7 was obtained. As 
compared with the example 2, that thermal conductivity, a coefficient of thermal expansion, and 
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intensity are not stabilized became whether to be Ming. 



[0038] 
Table 7] 
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[0039] [Example 2 of comparison] Except having carried out 10 degrees C/Hr and temperature fall 
speed of 550 degrees C or less for the temperature fall speed to 600 degrees C - 550 degrees C to more 
than 25 degrees C/Hr, three samples of aluminium alloy-silicon-carbide complex were produced by the 
same method as an example 2, the thermal conductivity, the coefficient of thermal expansion, and 
intensity of the obtained complex were measured, and the result shown in Table 8 was obtained. As 
compared with the example 2, that thermal conductivity, a coefficient of thermal expansion, and 
intensity are not stabilized became whether to be Ming. 



[0040] 
Table 8] 
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[0041] Except the [example 3 of comparison] temperature fall speed being 25 degrees C/Hr, three 
samples of aluminium alloy-silicon-carbide complex were produced by the same method as an example 
3, the thermal conductivity, the coefficient of thermal expansion, and intensity of the obtained complex 
were measured, and the result shown in Table 9 was obtained. As compared with the example 3, that 
thermal conductivity, a coefficient of thermal expansion, and intensity are not stabilized became whether 
to be Ming. 
[0042] 
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[0043] Except the [example 4 of comparison] pressure being an ordinary pressure (O.lMPa), three 
samples of aluminium alloy-silicon-carbide complex were produced by the same method as an example 
5, the thermal conductivity, the coefficient of thermal expansion, and intensity of the obtained complex 
were measured, and the result shown in Table 10 was obtained. As compared with the example 5, that 
thermal conductivity, a coefficient of thermal expansion, and intensity are not stabilized became whether 
to be Ming. 



[0044] 
Table 10] 
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[0045] 

[Effect of the Invention] the metal -ceramic complex whose properties, such as thermal conductivity, a 
coefficient of thermal expansion, and intensity, were stable according to this invention — the yield -- 
since it can manufacture highly, and it is stabilized and reliable metal-ceramic complex can be offered 
cheaply, it is very useful on industry 

[0046] The metal-ceramic complex manufactured by the method of this invention is suitable as heat sink 
material of the ceramic circuit board as a radiator article of electronic parts from the point of the high 
temperature conductivity, low thermal -expansion nature, and lightweight nature. 
[0047] The metal-ceramic complex of this invention is useful also for the charge use of metal alternative 
material in transportations other than [ the lightweight nature and dynamic property to ] a heat sink use, 
and an aeronautical-navigation field. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the complex which is the manufacture method of the complex 
which sinks a metal into the porosity ceramic structure, and is characterized by sinking in within the 
limits of the congealing-point temperature of the aforementioned metal, and temperature higher 50 
degrees C than the aforementioned congealing-point temperature under pressurization at the temperature 
fall speed of 1-20 degrees C/Hr. 

[Claim 2] The manufacture method of the complex characterized by processing within the limits of the 
congealing-point temperature of the aforementioned metal, and temperature higher 50 degrees C than 
the aforementioned congealing-point temperature for the complex which comes to sink into the porosity 
ceramic structure in a metal under pressurization at the temperature fall speed of 1-20 degrees C/Hr. 
[Claim 3] The manufacture method of the complex according to claim 1 or 2 characterized by the bird 
clapper from one or more sorts chosen from the group which the porosity ceramic structure becomes 
from a silicon carbide, alumimium nitride, a silicon nitride, an alumina, or a silica. 
[Claim 4] The claim 1 characterized by a metal making either aluminum or magnesium a principal 
component, the manufacture method of complex according to claim 2 or 3. 

[Claim 5] The claim 1 characterized by for the aforementioned porosity ceramic structure consisting of a 
silicon carbide of 20 - 50% of voidage, and the aforementioned metal making aluminum a principal 
component, a claim 2, the manufacture method of complex according to claim 3 or 4. 



[Translation done.] 
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